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ABSTRACT 
Th is  paper descr ibes t h e  use o f  a speaker- 
dependent connected word r e c o g n i t i o n  system t o  
c o n t r o l  an A i r  T r a f f i c  Contro l  (ATC) demonstra- 
t i o n  workstat ion,  and t h e  work which went i n t o  
develop ing t h a t  speech system. The works ta t i on  
w i t h  speech r e c o g n i t i o n  was demonstrated l i v e  a t  
an A i r  T r a f f i c  C o n t r o l l e r ' s  Assoc ia t i on  conven- 
t i o n  i n  1987. The paper discusses the  purpose 
o f  t h e  demonstrat ion workstat ion,  and high1 i g h t s  
t h e  development o f  t h e  speech i n t e r f a c e .  Th is  
i nc ludes :  
hardware and software, and overview o f  t he  speech 
d r i v e n  works ta t i on  func t i ons ,  a d e s c r i p t i o n  o f  
t h e  speech vocabulary/gramnar, and d e t a i l s  t h e  
en ro l lmen t  and t r a i n i n g  procedures used i n  
p repar ing  t h e  c o n t r o l l e r s  f o r  t h e  demonstrations. 
Although no q u a n t i t a t i v e  r e s u l t s  a r e  ava i l ab le ,  
t h e  paper discusses t h e  p o t e n t i a l  b e n e f i t s  o f  
u s i n g  vo i ce  as an i n t e r f a c e  t o  t h i s  t ype  o f  
workstat ion,  and h i g h l i g h t s  l i m i t a t i o n s  o f  t he  
c u r r e n t  speech technology and where more work i s  
r e q u i  red. 
INTRODUCTION 
For many years, speech has been recognized as one 
o f  t h e  p r e f e r r e d  man-machine i n t e r f a c e s .  W i th in  
the  l a s t  decade, w i t h  the  advent o f  low-cost 
speech process ing hardware and software, we have 
begun t o  see comnercial a p p l i c a t i o n s  which 
u t i l i z e  speech as an i n t e r f a c e  between man and 
machines. There have been many successful 
systems p r o v i d i n g  vo i ce  response app l i ca t i ons ;  
f o r  example, vo i ce  ma i l .  
speech r e c o g n i t i o n  have g e n e r a l l y  been 1 i m i  t e d  t o  
areas where t h e  vocabulary  r e q u i r e d  t o  i n t e r a c t  
w i t h  t h e  system has been small ,  and where the  
words can be spoken i n  i s o l a t i o n .  
successes have come i n  t h e  areas o f  f a c t o r y  
q u a l i t y  i nspec t i ons  and i n v e n t o r y  c o n t r o l .  
a b r i e f  d e s c r i p t i o n  o f  t h e  speech 
A p p l i c a t i o n s  us ing  
Many o f  these 
I n  t h e  l a s t  3 o r  4 years, t h e  speech i n d u s t r y  
has begun t o  address t h e  problems associated 
w i t h  us ing  speech t o  i n t e r f a c e  w i t h  more complex 
tasks. Some o f  these tasks  have inc luded:  
vo i ce  c o n t r o l  o f  AFT1 F-16 c o c k p i t  systems, 
d i c t a t i o n  us ing  a vo i ce  actuated t y p e w r i t e r  
(VAT), vo i ce  c o n t r o l  o f  s tock market o rde r  e n t r y  
s ta t i ons ,  and medical t r a n s c r i p t i o n  te rm ina ls .  
A l l  o f  these systems r e q u i r e  h ighe r  l e v e l s  o f  
speech r e c o g n i t i o n  performance than t h e  e a r l i e r  
app l i ca t i ons .  These new a p p l i c a t i o n s  r e q u i r e  
l a r g e r  vocabular ies,  more connected speech 
c a p a b i l i t i e s ,  and e a s i e r  t r a i n i n g  mechanisms. 
I n  add i t i on ,  these new a p p l i c a t i o n s  con t inue  t o  
r e q u i r e  system r e c o g n i t i o n  accurac ies o f  
g r e a t e r  than 95%. 
o f  these more complex tasks  have met w i t h  vary-  
i n g  degrees o f  t e c h n i c a l  success, b u t  none o f  
these systems have y e t  achieved widespread 
comnercial success t o  date. 
T h i s  paper descr ibes an e f f o r t  t o  use a commer- 
c i a l l y  a v a i l a b l e  speech r e c o g n i t i o n  product  
f rom Texas Inst ruments as an i n t e r f a c e  t o  a 
complex workstat ion,  an A i r  T r a f f i c  C o n t r o l l e r s  
Workstat ion. 
t h e  Ground Systems Group o f  Hughes A i r c r a f t  and 
the  Computer Science Center Speech And Image 
Understanding Lab o f  Texas Instruments, Inc. 
The goal was t o  develop a speech i n t e r f a c e  f o r  
Hughes-designed demonstrat ion ATC workstat ion.  
The works ta t i on  was d i sp layed  a t  t h e  1987 A i r  
T r a f f i c  C o n t r o l l e r s  Assoc ia t i on  Convention i n  
Los Angeles, and a t  1987 Radio Technical Com- 
m iss ion  f o r  Aeronaut ics  i n  Washington DC. 
speech system was developed f o r  demonstrat ion 
purposes only. 
OVERVIEW OF THE SYSTEM 
The e f f o r t s  t o  meet t h e  needs 
Th is  was a j o i n t  e f f o r t  between 
The 
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F igu re  1 shows t h e  main hardware components o f  
t h e  demonstrat ion workstat ion.  The c o n t r o l l e r ' s  
console was composed o f  a 20-inch square c o l o r  
d i s p l a y  on which t h e  opera to r  cou ld  view t h e  a i r  
t r a f f i c  i n  h i s  own and a d j o i n i n g  sectors .  The 
console i nco rpo ra ted  severa l  i n t e r f a c e  tech-  
no log ies  i n c l u d i n g  a keyboard and t r a c k  b a l l  
(used i n  c u r r e n t  works ta t i ons ) ,  as w e l l  as a 
touch panel and speech r e c o g n i t i o n  i n t e r f a c e .  
Any o f  these devices cou ld  be used interchange- 
a b l y  by t h e  c o n t r o l l e r  t o  manage t h e  console. 
A Sun works ta t i on  was used as the  console con- 
t r o l l e r  d u r i n g  the  demonstrat ion, w h i l e  a PC 
c o n t a i n i n g  the  T I  speech r e c o g n i t i o n  system was 
t h e  o the r  major  p iece  o f  hardware. The PC was 
connected t o  the  Sun v i a  a RS-422 s e r i a l  com- 
municat ion l i n k .  I n  o rde r  t o  p rov ide  r e a l i s t i c  
data d u r i n g  the  demonstrations, t he  Sun work- 
s t a t i o n  hd been preloaded w i t h  a scenar io  from 
the  Los Angeles I n t e r n a t i o n a l  A i r p o r t  area. 
microphone cab le  was patched d i r e c t l y  from the  
console t o  t h e  speech hardware. 
The purpose o f  t h e  demonstrat ion was t o  show how 
t h e  use o f  va r ious  i n t e r f a c e  technologies made 
i t  e a s i e r  f o r  t h e  c o n t r o l l e r  t o  manage h i s  o r  
her  workstat ion.  There was no s i m u l a t i o n  o f  t he  
l i n k  between t h e  a i r c r a f t  and t h e  ground. 
Instead,  t h e  c o n t r o l l e r  j u s t  managed t h e  work- 
s t a t i o n  i n  f r o n t  o f  him. 
a i r space  scenar io  was f ree - runn ing  on t h e  console, 
w h i l e  t h e  c o n t r o l l e r  demonstrated t h e  fea tu res  
o f  t h e  man-machine i n t e r f a c e  w h i l e  us ing  t h e  
va r ious  i n p u t  devices. 
DESCRIPTION OF THE SPEECH SYSTEM 
The speech system used was t h e  Texas Inst ruments 
LR2000 r e c o g n i t i o n  system. 
s i n g l e  board o p t i o n  f o r  IBM PC's and compatibles 
based on t h e  TMS32010 d i g i t a l  s igna l  process ing 
ch ip.  The board i s  a f l e x i b l e  speech pe r iphe ra l  
capable o f  performing a wide v a r i e t y  o f  speech 
process ing tasks  i n c l u d i n g :  reco rd  / playback, 
text-to-speech, speech r e c o g n i t i o n  (bo th  i s o l a t e d  
and connected speech), and speaker v e r i f i c a t i o n .  
I n  a d d i t i o n ,  an a p p l i c a t i o n  sof tware development 
k i t  i s  a v a i l a b l e  t o  a l l o w  users t o  w r i t e  custom 
a p p l i c a t i o n s  u t i l i z i n g  any o f  these speech 
c a p a b i l i t i e s .  
F igu re  2 shows a b lock  diagram o f  t h e  speech 
r e c o g n i t i o n  process. 
speaker-dependent word hypothes izer  which has 
two i n p u t s :  t h e  r e a l - t i m e  speech i n p u t ,  and 
p r e v i o u s l y  s to red  vocabulary word templates. 
As t h e  user  speaks, h i s  i n p u t  speech i s  compared 
aga ins t  t he  templates; when a match i s  found t h e  
hypothes izer  ou tpu ts  a r e s u l t  t o  t h e  second 
l e v e l  o f  t h e  system. 
sentence recognizer. Th i s  subsystem compares 
compares the  ou tpu t  of t h e  word hypothes izer  
w i t h  a p r e v i o u s l y  defined gramnar s t r u c t u r e ,  and 
The 
Dur ing t h e  demos, t h e  
The hardware i s  a 
The lowest  l e v e l  i s  a 
Th is  second l e v e l  i s  t he  
ou tpu ts  recognized sentences t o  an a p p l i c a t i o n  
program on the  PC. The gramnar s t r u c t u r e  i s  a 
f i n i t e - s t a t e  gramnar which descr ibes a l l  t h e  
v a l i d  sentences i n  t h e  a p p l i c a t i o n  domain. 
vocabulary and grammar used i n  the  ATC demons- 
t r a t i o n  a re  descr ibed i n  t h e  nex t  sect ion.  
The advantages o f  t h i s  two- level  d e c i s i o n  
s t r u c t u r e  a re  two- fo ld :  
o f  t he  r e c o g n i t i o n  i s  improved s ince  more 
g loba l  knowledge o f  t h e  a p p l i c a t i o n  environment 
i s  a v a i l a b l e  a t  t h e  recognizer  l e v e l  ( i n  t h e  
form of t h e  a p p l i c a t i o n  gramnar), and two, by 
us ing  improved t r a i n i n g  procedures the  users 
can speak t o  t h e  system us ing  connected speech. 
DESCRIPTION OF THE VOCABULARY AND GRAMMAR 
The task  of determin ing where t o  use speech as 
an i n t e r f a c e  was a cooperat ive e f f o r t  i n c l u d i n g  
Hughes human fac to rs  exper ts ,  t h e  c o n t r o l l e r s  
who would be demonstrat ing t h e  systems, and t h e  
Texas Inst ruments speech a p p l i c a t i o n  developer. 
There were t h r e e  p r i n c i p a l  areas where speech 
was considered: 
r a d i o  u p l i n k  t o  a i r c r a f t ,  vo i ce  r e c o g n i t i o n  t o  
c o n t r o l  t he  works ta t i on  console, and speech 
synthes is  t o  n o t i f y  c o n t r o l l e r s  o f  c o n d i t i o n s  
r e q u i r i n g  a t t e n t i o n .  Since t h e  scenar io  t o  be 
demonstrated d i d  n o t  i nc lude  a s i m u l a t i o n  o f  t he  
r a d i o  up l i nk ,  t h a t  area was re jec ted .  The o t h e r  
two areas were bo th  considered ve ry  promis ing f o r  
us ing  speech, and were bo th  w i t h i n  t h e  cap- 
a b i l i t i e s  o f  T I ' S  speech product. 
t o  t ime c o n s t r a i n t s  i n  p repar ing  f o r  t h e  con- 
vention, o n l y  t h e  console c o n t r o l  vo i ce  recog- 
n i t i o n  was a c t u a l l y  implemented. 
The vo i ce  comnands f e l l  i n t o  two major  ca tegor ies :  
console d i s p l a y  c o n t r o l  and a i r c r a f t  s i t u a t i o n  
acknowledgement. The console d i s p l a y  c o n t r o l  
f u n c t i o n s  were concerned w i t h  how t h e  data was 
d i sp layed  on t h e  main console c o l o r  d i sp lay .  
These inc luded  d i s p l a y i n g  data f rom o t h e r  c o n t r o l  
sectors ,  changing t h e  d i s p l a y  range i n  m i les ,  
and h i g h l i g h t i n g  c r i t i c a l  f l i g h t  data elements 
f o r  s p e c i f i c  a i r c r a f t .  The a i r c r a f t  s i t u a t i o n  
acknowledgement comnands inc luded:  acknowledging 
a i r c r a f t  a l e r t s ,  acknowledging f l i g h t  p l a n  
post ings,  marking handof f  o f  a i r c r a f t  between 
sectors, and ass ign ing  a l t i t u d e s ,  beacon codes, 
and p r e f e r e n t i a l  routes. 
was de f i ned  t o  p rov ide  these func t i ons .  
prov ides a l i s t  of t he  vocabulary used i n  t h e  
demonstration. 
As p r e v i o u s l y  mentioned, t h e  LR2000 r e c o g n i t i o n  
system r e q u i r e s  b o t h  a vocabulary l i s t  and a 
a p p l i c a t i o n  gramnar. 
t h e  ATC works ta t i on  a p p l i c a t i o n  d i d  n o t  prove 
very d i f f i c u l t  s i nce  t h e  c o n t r o l l e r s  a r e  a l ready  
t r a i n e d  t o  use a standard "language" when con- 
t r o l l i n g  t h e i r  airspace. 
The 
f i r s t ,  t h e  robustness 
vo i ce  r e c o g n i t i o n  d r i v e n  by t h e  
However, due 
A vocabulary o f  94 words 
Table 1 
D e f i n i t i o n  o f  a gramnar f o r  
F igu re  3 shows a 
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portion of the system grammar describing the 
acknowledgement of alerts and the highlighting 
of flight data elements (FDE). The symbol<flid> 
indicates that the controller could at that point 
in the grammar say any of the flight identifiers 
which were available in the scenario and had been 
programed into the grammar. The syrnbol(1 - 8> 
indicates that the controller could say any 
digit from one to eight. Due to the limited 
nature of the demonstration, the possible flight 
identifiers were restricted to those occurring 
during the scenario. This restriction was also 
required due to the vocabulary size 1 imitations 
of the TI speech system. This size limitation 
is related to the processing power and memory 
space available on the speech hardware, and i s  
not a physical limitation of the recognition 
a1 gori thm. 
ENROLLMENT AND TRAINING STRATEGY 
Because the speech recognizer was speaker 
dependent, the system had to be trained to 
recognize each individual speaker. For the three 
day convention, 8 controllers were chosen to 
demonstrate the ATC workstation. Each controller 
was required to enroll the complete 94 word 
vocabulary. 
The enrollment strategy for the LR2000 system is 
a two-step process where each word is said once 
as part of a sentence and once in isolation. 
These two "templates" are then used to create a 
single recognition template for that word. The 
resulting template incorporates "coarticulation" 
effects which normally prevent speech recognition 
systems from being used with connected or 
conversational speech. The initial template 
creation took approximately 45 minutes for the 
94 word vocabulary. 
maintained their templates by periodically 
repeating a set of sentences which included all 
94 words of the vocabulary. 
required about ten minutes per repetition. 
In order to ensure good performance at the 
convention, the updates were performed at 
different times of the day over several weeks. 
In this way, each template included the daily 
variations which all o f  us have, along with any 
long-term variations which might appear. 
this process, several of the controllers had 
colds or allergies; the effects of which were 
included in the update process. 
supervised by one of the controllers who was 
trained to monitor the template creation and 
update function. By the time of the convention, 
the 8 controllers had updated each word at least 
7 times. In addition, at the convention, each 
of the controllers was again updated to accomodate 
the new acoustic environment in the convention 
hall. 
Subsequently, each controller 
This update process 
During 
The updates were 
RESULTS AND CONCLUSIONS 
The goal of the speech demonstration was met. 
The system demonstrated that today's speech 
recognition systems, in particular TI'S LR2000 
connected word recognition, are capable of being 
used in a complex workstation environment. 
system was demonstrated with speech by the 8 
controllers for three days approximately 6 hours 
each day. During that time, the controllers 
were able to demonstrate the operation of the 
ATC console using all the various interface 
technologies, including voice. The overall 
impression of both the viewing audience and the 
controllers using the system was that a speech 
recognition system providing connected speech 
recognition can be a useful part of an improved 
man-machine interface for advanced ATC work- 
station. 
While this demonstration was a success, there 
are many areas that must be considered by a 
system designer before a speech interface is 
actually implemented. 
systems are speaker-dependent, and thus require 
user enrollment and training. 
systems available do not have connected speech 
capabilities, they require a pause to be inserted 
between each word. TI'S LR2000 connected word 
recognition system is an exception. 
systems also have limitations on the number of 
words which can be recognized at one time. In 
addition to these concerns, the system designer 
also must look at the recognition accuracy which 
is required and how recognition error recovery 
will be handled. 
This is not t o  say that speech systems do not 
have a role to play. Recognition provides an 
excellent interface for tasks where an operator's 
hands and eyes are busy. In addition, in systems 
where the operator is required to manage a large 
variety and amount of data, the addition of 
speech as an alternative input device may provide 
an improved man-machine interface. 
Training systems utilizing recognition could 
provide high quality, lower cost operator train- 
ing where the recognizer would be used to 
determine the correctness of communication 
between an operator and other people. 
might be to use recognition to mimic the role of 
the pilot in aircraft under the control of an 
air traffic controller. 
nologies can also be used to provide more 
effective workstations. Speech output can 
provide audible warning or help messages. 
Speaker verification can be used to ensure that 
only authorized personnel log into a workstation. 
In conclusion, today's speech systems can provide 
The 
Most of today's speech 
Many of the 
Most 
An example 
Other speech tech- 
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for a more effective man-machine interface in the 
complex workstations required to manage complex 
tasks. 
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TIME 
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. -  
, *  
acknowledge alert <FLID> enter 
r " " a L 
<FLID> enter 
v '0 4 - 
highlight f de <FLID> field <1-8> enter 
- u v " .# 
(continued for remainder of grammar) 
Example Sentences: "Acknowledge Alert American Ten Enter" 
"Highlight FDE November 9871 Delta Field 3 Enter" 
FIGURE 3 - PORTION OF APPLICATION GRAMMAR 
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